Background: Malposition of tracheostomy tubes is difficult to detect at the bedside and may contribute to eventual device misplacement. Endoscopic examination can be undertaken via tracheoscopic (T-view) or trans-laryngeal (L-view) approach, offering more precise detail regarding positioning within the airway. The aims of this study were to evaluate inter-rater agreement between bespoke T and L view scoring systems and subsequently whether T-views could predict L-views. Methods: Adult intensive care unit patients with percutaneous or surgical tracheostomies were included and paired T and L-views of their tracheostomy tube within the airway were taken on up to four occasions. Images were later scored by five independent raters using bespoke scoring systems. The primary outcome was to determine the T and L view scoring system with the best inter-rater agreement, defined by weighted kappa and intra-class correlation coefficients. The secondary outcome was to assess agreement between T and L-view scoring systems. Results: Seventy-one T-views and 43 L-views were obtained from a total of 20 patients. Images were scored by five raters, resulting in 355 T-view scores, 215 L-view scores and 215 paired T and L-view scores for comparison. There was good interrater agreement (highest T-view k ¼ 0.84, L-view k ¼ 0.72). There was poor agreement between T and L-view scores for each of the paired images (highest k ¼ 0.25) although extreme-to-extreme misclassification rates remained acceptable.
Tracheostomies are used as artificial airway devices in around 10% of all mechanically ventilated Intensive Care Unit (ICU) admissions. [1] [2] [3] [4] [5] [6] Degrees of malposition of any airway device may be difficult to detect at the bedside using clinical or simple radiological assessment or monitoring, and may contribute to eventual device misplacement into suboptimal positions within the trachea, or partial or complete displacement from the trachea. Endoscopic examination can offer more precise detail regarding positioning within the airway, and may be prompted by concerns over device position either clinically, radiologically or via monitoring. [7] [8] [9] [10] [11] Tracheostomy tubes within the airway may be examined via insertion of the endoscope into the tube itself to visualise the tube tip position, referred to as the tracheoscopy or T-view herein, or from above (nasal or oral routes) referred to as the trans-laryngeal or L-view. [ Figs 1 and 2 ]. There are currently no described scoring systems to define the tube tip position within the airway relative to the trachea other than narrative descriptions. [12] [13] [14] Airway endoscopy is likely to become increasingly useful to assess tracheostomy (and other device) positioning because of the advent of more easily accessible bronchoscopes 15 and guidelines concerning position checks at insertion, during routine care and in emergencies. 1 12 7 16 The effect of deviation from a hypothetically perfect tube position on the subsequent risk of tube displacement, difficulty in ventilation or other potential complications is unknown. This study considered the positioning of tracheostomy tubes within the airway. The L-view can demonstrate tube position relative to the trachea; specifically that the tube is advanced sufficiently, is correctly orientated and that the cuff is appropriately positioned. However, L-view assessment requires the endoscope to be passed through the larynx in what can be a stimulating, unpleasant procedure. 17 T-views can be obtained without distress as the endoscope remains within the device lumen (see supplemental material Fig. 1 ), and satisfactory T-views can be obtained within 60 s or less. 18 The aims of this study were to evaluate agreement between bespoke T and L view scoring systems and subsequently whether T-views could predict L-views. The primary outcome was to determine which of six proposed T-view scoring systems and three proposed L-view scoring systems had the best interrater agreement, as defined by weighted kappa and intra-class correlation coefficients. The secondary outcome was to assess agreement between T-view and L-view scoring systems. By testing the reproducibility and agreement of T-view with L-view scoring systems, we aimed to establish a likely 'best' T-view classification out of those proposed and evaluated.
Methods
The study protocol was approved by the National Research & Ethics Committee (11/NW/0416) and by our local Research & Development department (2012IC002) and registered with clinicaltrials.gov (www.clinicaltrials.gov/ct2/show/NCT01356719).
Adult ICU patients (!16 yr of age) with a percutaneous or surgically inserted tracheostomy were included. Patients were excluded if airway endoscopy was not clinically appropriate in the opinion of the attending clinician, or if the patient or their representative refused consent (see supplemental material CONSORT Fig. 2) .
Participants underwent fibreoptic inspection of their tracheostomy tube, at the time of tracheostomy insertion if possible and then with three sets of paired images attempted post procedure (L-views and T-views). The exact timing of the assessments depended on investigator availability and the clinical condition of the patient, but typically were performed every 24-48 h. Patient position to the nearest 30 degrees was recorded for each set of paired images, with the head in a neutral position. All images were obtained either by B.A.M. (an experienced airway endoscopist) or by K.L. under direct supervision by B.A.M., using either an Olympus TM BF-260 or Olympus TM MAF-TM fibrescope (Olympus Corporation, Tokyo, Japan). The order of T and L views was randomised by coin toss and images were subsequently anonymised and stored on a secure database, along with selected anonymised patient characteristics and clinical data. The scoring systems used were developed by informal consensus amongst the authors after a literature search and discussion with colleagues in Anaesthesia, Intensive Care, Head & Neck Surgery and those with expertise in respiratory and gastrointestinal endoscopy. To estimate a pragmatic sample size for this exploratory study, we considered one of the scoring systems with five categories. For the primary outcome, we defined L-view trans-laryngeal T-view via tube 
Editor's key points
• Malpositioning of a tracheostomy tube may be detected by endoscopy, but it is not clear whether the view obtained from an endoscope passed through a tracheostomy tube is as reliable (in detecting malpositioning) as the view from an endoscope passed through the larynx.
• There was good inter-rater agreement for both approaches, but there was poor agreement between the two approaches.
• Endoscopic view obtained from a tracheostomy tube may not be as reliable as the view obtained through the larynx.
the clinically important minimum difference between raters as greater than one category difference. This would require a sample size of 20 patients to detect a difference with a power of 90% (P ¼ 0.05). In addition, for the secondary outcome, we calculated a sample size of 14 patients would be sufficient to detect a kappa value of 0.7 or greater with at least 90% power.
Image analysis
After completion of the clinical phase of the study, all images were later viewed and scored independently by five raters (B.A.M., K.L., K.W., W.S. and R.T.). Raters were shown a standard presentation reviewing the methods of image acquisition and describing the different scoring systems. Reference was made to the phases of the visible moon in the lunar cycle to illustrate the amount of distal tracheal lumen that was visible.
19 Figures 2, 3 and Supplemental Figure. 3 were used as examples and a template describing the scoring systems was provided. The following T-view scoring systems were used: (Full details available in appendix/supplemental material).
1. Lunar 'Eye ball' categorised 0/25/50/75/100% -How much of the distal trachea is visible from the standard T-view, categorised to the nearest 25%. Considered as 'no moon', 'quarter moon', 'half moon', 'three quarter moon', 'full moon': T Categorical 2. Lunar 'Eye ball' uncategorised -How much of the distal trachea is visible from the standard T-view, free estimate from 0 -100%. Considered as 'no moon', 'quarter moon', 'half moon', 'three quarter moon', 'full moon': T % 3. 'Eye ball' grid uncategorised -How much of the distal trachea is visible from the standard T-view, free estimate from 0 -100%, with a 10 x 10 line grid superimposed over the image: T Grid % 4. Distal trachea quadrant -describe which sector the distal trachea appeared in, described as a compass, NE, SE, SW, NW, Central or Outside: T Quadrant 5. Distal trachea quadrant with grid -describe which sector the distal trachea appeared in, described as a compass, NE, SE, SW, NW, Central or Outside, with a 10 x 10 line grid superimposed over the image to guide categorisation: T Grid Quadrant 6. Visual Analogue Scale (unacceptable to perfect, 100mm):
T VAS L-view images and were scored using three and five point scoring systems (L3 and L5) and a Visual Analogue Scale (unacceptable to perfect, 100mm, referred to herein as L-VAS) as shown in Figure 2 (Supplemental material Fig. 3 ).
Images were presented in random order using a Microsoft PowerPoint TM presentation, assessed initially for adequacy (luminescence and appropriately visualised anatomical detail) and then scored; recorded in Microsoft Excel TM spread sheets.
Statistical considerations
Statistical analysis was performed using StatsDirect (StatsDirect Ltd. 2013) and SPSS (IBM SPSS Statistics, Version 22.0. Armonk, NY: IBM Corp.). Inter-rater agreement between scores was calculated using raw score data. Fleiss kappa (for >2 raters) was used for categorical variables, intra-class correlation coefficient (one way random effects) was used for continuous variables, alongside Kendall tau. In order to assess agreement between the different T-view and L-view scores for any given image, raw scores were simplified and categorized into Unacceptable (U), Marginal (M) or Acceptable (A). Clinical opinion of the investigators was used to determine which of the standard reference template views (used as examples for scoring) should be categorized as U, M or A for the different categorical scoring systems. For numerical scales (Visual Analogue Scales and 'eye ball' percentages), internal validation was used to determine cut off values for transformation into U, M or A categories by examining distributions. Strength of agreement was assessed using weighted Cohen kappa between the different pairs of scoring systems. Actual agreement between categories (n) differs from Cohen weighted kappa, which takes account of the agreement which occurs over and above that occurring by chance. Finally, we used cross tabulation to determine extreme-to-extreme misclassification rates (defined as disagreement greater than one category; namely Unacceptable to Acceptable). A misclassification rate of >5.0% was considered to be undesirable when comparing scoring systems.
Results
Images were obtained from five women and 15 men, with a median age of 60 yr (IQR 51-76). Fifteen patients received percutaneous tracheostomy (all to facilitate weaning from mechanical ventilation) and five patients underwent surgical tracheostomy (for airway obstruction, facial burns, as part of head & neck cancer resection, and two patients for weaning in whom percutaneous tracheostomy was relatively contraindicated). All tracheostomy tubes were Smiths Medical (Ashford, Kent, UK) Blue-Line Ultra TM devices. The tracheostomy tube was connected to a ventilator circuit and closed humidification on all but seven occasions, with these remaining seven episodes on open breathing circuits ('Trachy masks'). Lviews were not possible in six patients as a result of surgical tracheostomies performed without contemporaneous endoscopy, patient refusal, and relative contra-indications to translaryngeal endoscopy. Here, T-views were still obtained in isolation but were not paired with corresponding L-views. A total of 71 T-views were obtained from 20 patients (one patient with one view, six patients with three views and 13 patients with four views) scored by all five assessors, making 355 T-view comparisons. Table 1 demonstrates that the T-view systems all had good inter-rater agreement between the five different assessors, with very good agreement for the T Grid Quadrant system (k ¼ 0.84). Forty-three L-views were obtained from 14 of the patients, making 215 comparisons when scored by the assessors. The scoring system with the best inter-rater agreement was L VAS (k ¼ 0.72), considered to represent good agreement. 20 There was moderate agreement between raters for the L3 system. Adding extra categories for the L5 system resulted in poor agreement (Table 2) . In the 14 patients where L-views were obtained, these were all paired with T views (one patient with one pair, ten patients with three pairs and three patients with four pairs). Forty-three sets of paired T and L-views were therefore available for analysis of agreement, scored by each of the five raters, giving 215 paired comparisons. Considering agreement between T-view scores and L-view scores for each of the paired images, there was generally poor agreement (highest k ¼ 0.25, see Table 2 ). Overall, the best agreement was found when using L VAS for comparisons with T-views; L VAS also had the highest inter-rater agreement of the three L-view scores. There were 36/215 comparisons where the L-view was deemed unacceptable, only 1 (2.8%) of these was paired with an acceptable T view score. There were no extremeextreme misclassification rates >5.0% for comparisons between L VAS and all six T-view scoring systems. Interestingly, although still poor, the best agreement with the L3 and L5 scoring systems were for comparisons with T Categorical (k ¼ 0.25 and k ¼ 0.22 respectively). This observation did not hold for comparisons between L VAS and T Categorical (k ¼ 0.17).
Discussion
Our results demonstrate that whilst there is good or very good inter-rater agreement for the best performing T and L view scoring systems, there was generally poor agreement between paired T and L views. Therefore, whilst different raters could consistently describe tracheostomy tube tip position, it was not possible to predict the L-view from the T-view from our data. This finding was unexpected.
L-views may not contain adequate information to predict the orientation of the distal tube, because of the shape and curve of the tube within the airway. Sub-glottic oedema associated with the presence of an airway device may complicate the L-view. 21 Intuitively, one would expect an extremely displaced tube that is barely within the airway to score badly with both T and L-view scores. Of the 36/215 comparisons where the L-view was deemed unacceptable and only 1 (2.8%) of these was paired with an acceptable T view score. This would imply that the L-views are adequate for predicting unacceptable tube tip positioning, but perhaps less appropriate for marginal or acceptable positioning.
Tracheostomy tubes come in different sizes and shapes that may affect the orientation of the tip relative to the L-view obtained. The tubes observed in this study all have a continuous curve between the internal and external portions of the tube, with an angle of 105 degrees in vitro. For more acutely angled tubes available in the UK, the range of angles is 85-100 degrees, whilst for tubes designed in a continuous curve, the angles range from 105-140 degrees. 22 23 It is unknown exactly how the tube geometry changes when inserted into the tissues of the neck, especially if the tube is not an 'exact fit'. Schmidt and colleagues 12 investigated the position of tracheostomy tubes by bronchoscopy in 403 invasively ventilated patients, admitted to a Massachusetts non-acute respiratory therapy unit. Malposition was defined as greater than 50% occlusion of the distal opening of the tracheostomy tube and was described narratively. Malposition was found in 10% of patients. This was clinically relevant, in that the indication for bronchoscopy in these patients was respiratory distress (58%) and/or deterioration in respiratory observations (42%). The diagnosis of malposition led to tube changes: to a larger tube in 28/40 and emergency changes in 10%. A reduction in distal tracheostomy tube opening of 50% or more was felt to be clinically relevant in a number of published studies and is associated with failure to be liberated from mechanical ventilation.
12-14
None of these studies describe standardizing the endoscope tip with respect to the tracheal tube tip, as in our study. The 'Polo view' we describe is a useful orientation landmark for the endoscope tip, as seen in Figure 3 . T-view scoring systems that can accurately predict L-view may be possible to devise with unknown elements not included in our study. We have attempted to use pragmatic scoring systems that can be described by novice endoscopists, as we aimed to define a simple bedside scoring system that could be easily communicated. Such a system should be easily re-producible, not require complex measurements or calculations, be possible to achieve with a variety of simple endoscopic equipment, be immediately available and be easy to communicate in medical notes and verbally. The scoring system would also ideally be obtained quickly without causing patient discomfort or distress (not require translaryngeal endoscopy) and also accurately predict the subsequent risk of tube displacement or other complications.
Our study has a number of potential limitations. The scoring systems we used were based on the consensus views of multidisciplinary expert opinion and experience and it may have been possible to devise systems with better agreement. Raw score transformation to allow comparison was again guided by opinion and although we have attempted to internally validate these transformations, the distributions of numerical scores meant that there was inevitable misclassification with this approach. We were unable to obtain L-views on 23 occasions (in 6 patients) because of patient refusal, surgical tracheostomies performed without contemporaneous endoscopy and relative contraindications to trans-laryngeal endoscopy. This highlights the potential difficulties in obtaining this view and reduced the number of paired comparisons available to analyse.
Our study was limited to one type of tracheostomy tube with characteristic geometry and our results should not be generally applied to other manufacturers' tubes. Future work should study different brands of tubes and assess these scoring systems. Finally, it is worth commenting that the title of our study has transpired to be misleading, in that the simple 'lunar views' of the distal trachea were not the best performing scoring systems.
Conclusion
Our study demonstrated that T Grid Quadrant and L VAS have the best inter-rater agreement of the scoring systems evaluated (k ¼ 0.84 and k ¼ 0.72 respectively). Whilst our data demonstrated good inter-rater agreement, it was not possible to reliably predict the T-view orientation and position of a tracheostomy tube within the airway from the paired L-view, and viceversa. The T% scores along with T VAS score represented the best balance of inter-rater agreement that agreed the most with the best performing L-view score (L VAS). Further work in this area should evaluate different scoring systems and consider whether the addition of superimposed image guides or computer analysis of images increases inter-rater agreement, or agreement with a pre-determined gold standard. Once a suitable scoring system can be established, evaluation the utility of such systems should include the ability to predict tube malposition, the need for further detailed radiological examinations or associated adverse events. This information could then be used to assess tracheostomy tube position and possibly prevent devices that are poorly positioned from becoming displaced. 
